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are both the result of photo-chemical decomposition, and 
there is great probability that they are closely related, if 
not identical, chemically. It may turn out that there 
are various kinds of invisible images, according to the 
vehicle or halogen absorbent—in other words, according 
to the sensitizer with which the silver haloid is associated. 
The invisible image is revealed by the action of the 
developer, into the function of which I do not propose to 
enter. It will suffice to say that the final result of the 
developing solution is to magnify the deposit of photosalt 
by accumulating metallic silver thereon by accretion or 
reduction. Owing to the circumstance that the image 
is impressed with such remarkable rapidity, and that it is 
invisible when formed, it has been maintained, and is still 
held by many, that the first action of light on the film is 
molecular or physical, and not chemical. The arguments 
in favour of the chemical theory appear to me to be 
tolerably conclusive, and I will venture to submit a few of 
them. 

The action of reagents upon the photographic film is 
quite similar to the action of the same reagents upon the 
silver haloids when exposed to the point of visible 
coloration. Reducing agents and halogen absorbents 
increase the sensitiveness of the film: oxidizing and 
halogenizing agents destroy its sensitiveness. It is difficult 
to see on the physical theory why it should not be possible 
to impress an image on a film, say of pure silver bromide, 
as readily as on a film of the same haloid embedded in 
gelatine. Everyone knows that this cannot be done. I 
have myself been surprised at the extreme insensitiveness 
of films of pure bromide prepared by exposing films of 
silver deposited on glass to the action of bromine vapour. 
On the chemical theory we know that gelatine is a 
splendid sensitizer— i.e. bromine absorbent. There is 
another proof which has been in our hands for nearly 
thirty years, but I do not think it has been viewed in this 
light before. It has been shown by Carey Lea, Eder, 
and especially by Abney—who has investigated the 
matter most thoroughly—that a shearing stress applied 
mechanically to a sensitive film leaves an impression 
which can be developed in just the same way as though 
it had been produced by the action of light. [Pressure 
marks on Eastman bromide paper developed by ferrous 
oxalate.] Now that result cannot be produced on a 
surface of the pure haloid : some halogen absorbent, such 
as gelatine, must be associated with the haloid. We are 
concerned here with a chemical change of that class so 
ably investigated by Prof. Spring, of Liege, who has 
shown that by mere mechanical pressure it is possible to 
bring about chemical reaction between mixtures of finely 
divided solids. * 1 2 3 4 5 6 7 8 Then again, mild reducing agents, too 
feeble to reduce the silver haloids directly to the metallic 
state, such as alkaline hypophosphites, glucose or lactose 
and alkali, &c., form invisible images which can be 
developed in precisely the same way as the photographic 
image. All this looks like chemical change, and not 
physical modification pure and simple. 

1 have in this discourse stoically resisted the tempting 
opportunities for pictorial display which the subject 
affords. My aim has been to summarize the position in 
which we find ourselves with respect to the invisible 
image after fifty years’ practice of the art. This image 
is, 1 venture to think, the property of the chemist, and by 
him must the scientific foundation of photography be laid. 
We may not be able to give the formula of the photosalt, 
but if the solution of the problem has hitherto eluded 
our grasp it is because of the intrinsic difficulties of the 
investigation. The photographic image brings us face to 
face—not with an ordinary, but with an extraordinary 
class of chemical changes due entirely to the peculiar 

i The connection between the two phenomena was suggested during a 
course of lectures delivered by me two years ago (“ Chemistry of Photo¬ 
graphy,” p. 191). I have since learnt that the same conclusion had been 
arrived at independently by Mr. C. H. Botta.nley, of the Yorkshire College, 
Leeds. 
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character of the silver salts. The material composing 
the image is not of that definite nature with which 
modern chemical methods are in the habit of dealing. 
The stability of the photosalt is determined by some kind 
of combination between the sub-haloid or oxyhaloid, or 
whatever it may be, and the excess of unaltered haloid 
which enters into its composition. The formation of the 
coloured product presents certain analogies with the 
formation of a saturated solution ; the product of photo¬ 
chemical decomposition is formed under the influence of 
light up to a certain percentage of the whole photosalt, 
beyond which it cannot be increased—in other words, the 
silver haloid is saturated by a very minute percentage of 
its own product of photo-decomposition. The photosalt 
belongs to a domain of chemistry—a no-man’s land— 
peopled by so-called “ molecular compounds,” into which 
the pure chemist ventures but timidly. But these com¬ 
pounds are more and more urging their claims for con¬ 
sideration, and sooner or later they will have to be 
reckoned with, even if they lack that definiteness which 
the modern chemist regards as the essential criterion of 
chemical individuality. The investigation may lead to 
the recognition of a new order of chemical attraction, or 
of the old chemical attraction in a different degree. The 
chemist who discourses here upon this subject at the end 
of the half-century' of photography into which we have 
now entered will no doubt know more about this aspect 
of chemical affinity ; and if I may invoke the spirit of 
prophecy in concluding, I should say that a study of 
the photographic film with its invisible image will have 
contributed materially to its advancement. 


THE VELOCITIES OF PROJECTILES} 

HE experimenters, whose work is recorded in the 
papers noted below, have succeeded admirably in 
their attempts to photograph projectiles while moving 
with their ordinary velocities. At the same time, they 
have obtained indications of the forms of the waves ex¬ 
cited in the air by projectiles when moving with velocities 
higher than the normal velocity of sound in the air. 

The first experiments were conducted by' Mach and 
Wentzel with velocities of the projectiles about 240 
m.s. (787 f.s.), which were below the normal velocity of 
sound, when they obtained only negative results. After 
this, Mach and Salcher carried on experiments of the 
same nature with three small arms, which respectively' 
gave muzzle velocities of 438 m.s. (1437 f.s.), 338 m.s. 
(1100 f.s.), and 522 m.s. (1713 f.s.). The arrangements 
were such that, when the projectile was in the focus of 
the camera lens, it caused the discharge of a spark from 
a Leyden jar at a point in the axis of the lens which was 
more distant from the lens than the projectile. As the 
illumination was necessarily of very' short duration, the 
instantaneous photographs were taken on a small scale. 
These photographs showed a well-defined wave of con¬ 
densation of the air in front of the projectile when the 
velocity of the shot exceeded that of sound, or about 
340 m.s. (1116 f.s.). All the experiments of value were 

1 Aus den Sitzungsberichten d. kais. Akademie d, Wissenschaften in 
Wien :— 

(1) “ Photographische Fixirung der durch Projectile in der Luft einge- 
leiteten Vorgange,” von E. Mach und P. Salcher. 1887. 

(2) “Ueber die Fortpflanzungsgeschwindigkeit des durch scharfe Schiisse 
erregten Schalles,” von E. Mach. 1888. 

(3) “Ueber die in Pola und Meppen angestellten ballistischphotographi- 
schen Versuche,” von E. Mach und P. Salcher. 1889. 

(4) “ Ueber die Schallgeschwindigkeit beim scharfen Schuss nach von 
dem Krupp’schen Etablissement angestellten Versuchen,” von E. Mach. 
1889. 

(5) “ Optische Untersuchung der Luftstrahlen,’* von E. Mach und P. 
Salcher. 1889. 

(6) “ Weitere ballistisch-photographische Versuche,” von E. Mach und L. 
Mach. 1889. 

(7) “ Ueber longitudinale fortschreitende Wellen im Glase,” von E: Mach 
und L. Mach. .1889. 

(8) “Ueber die Interferenz der Schallwellen von grosser Excursion,” von 
E. Mach und L. Mach. 1889. 
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made by the two small arms, which gave muzzle veloci¬ 
ties of 1437 f.s. and 1713 f.s. When proper arrangements 
were made, the photographs of the projectiles fired by 
these two guns were always very fine and sharp. With 
a sufficient velocity of the shot, the limit of the con¬ 
densed air-wave in front of the projectile appeared to be 
of a hyperboloidal form, whose vertex was in advance of 
the projectile, and axis in the line of flight. Similar 
traces in the photograph, indicating conical waves whose 
axes were also in the line of flight, took their rise from 
the base of the shot. Other but weaker traces of waves of 
air took their rise from points on the surface of the shot. 
All these straight lines in the photograph were inclined 
to the line of flight at a rather less angle than the traces 
of the head wave, When the velocity of the projectile 
was increased, the angles which the traces of the waves 
made with the line of flight were diminished. 

When the highest velocities were obtained, the chan - 
nel vacated by the projectile was immediately filled with 
peculiar little clouds, which appeared almost as regular 
and symmetrical as beads strung on a line stretched in 
the direction of the line of flight. And there was no 
indication of a vacuum in the rear of the shot, even when 
the velocity was so high as 900 m.s. (2953 f.s.). As the 
air was transparent, the form of the waves of air in the 
photographs must have been caused by the varying 
density of the air, which refracted the rays of light. 

Long ago Robins noticed a change in the law of re¬ 
sistance of the air to projectiles at about the velocity of 
sound. Although Hutton disputed this change in the law 
of resistance and others ignored it, recent experiments 
have completely confirmed Robins’s discovery. It now 
appears that the disturbances caused by the projectile in 
the air travel faster than the shot for low velocities, so 
that the compression of the air in front of the projectile 
is not sufficient to cause traces of waves in the photo¬ 
graphs. 

The two guns which gave satisfactory results with 
muzzle velocities of 1437 f.s. and 1713 f.s., showed widely 
different curvatures at the vertex of the wave of con¬ 
densation in advance of the projectile. It was therefore 
very desirable that the velocity of the shot should have 
been exactly determined at the moment each photograph 
was taken. This condition has unfortunately not been 
sufficiently attended to, for although an improvised 
ballistic pendulum was used in some cases, it was soon 
discarded. 

Afterwards the experimenters made use of guns of 
larger calibre. Salcher carried out experiments at Pola 
with a gun of 9 cm. (3‘5 inches) calibre, which gave a 
muzzle velocity of 448 m.s. (1470 f.s.). Other experiments 
were made at Meppen, by Mach, assisted by his son, 
with a gun of 4 cm. (r6 inch) calibre, which gave a 
muzzle velocity of 670 m.s. ’(2198 f.s.). The head wave 
appeared as a stronger and broader hyperbolic curve in 
the photograph, which was rather more in advance of the 
head of the shot than in the case where small arms were 
used. But when the velocities of the shot were nearly 
the same in the two cases, the traces of the waves in the 
photographs made nearly the same angle with the line of 
flight. This perhaps might have been expected, as it has 
been found experimentally that the resistance of the air 
to projectiles varies as the square of their diameter. 

Further experiments were afterwards carried out in 
the laboratory. In this case projectiles composed of 
various metals were used, as brass, aluminium, and lead, 
which were of various forms. Attempts were made to 
determine the velocities of the projectiles in two different 
ways, neither of which can be regarded as quite satis¬ 
factory. In one case it was assumed that the work done 
on the projectile by a given charge of powder would be 
constant. But this assumption would not be true for 
considerable variations in the weight of the projectile. 
In the other case, the velocity was calculated by using 
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the inclination, a, of the trace of the rear wave in the 
photograph to the line of flight, on the supposition that 
the velocity of sound = velocity of the projectile X sin a. 

Much labour and ingenuity have been expended in 
bringing these experiments to their present satisfactory 
state. The ground has been well prepared for sets of 
systematic experiments made with useful forms of projec¬ 
tiles fired with various muzzle velocities. The results 
given by spherical projectiles might prove useful to the 
theorist. Other experiments might be carried out with 
ogival, hemispherical, and flat-headed elongated projec¬ 
tiles. In all cases the readings of the barometer and 
thermometer should be recorded, and the velocity of the 
projectile should be measured. The ballistic pendulum 
would probably give the best results if the block was 
shielded from the action of the wave of condensed air 
which accompanies the projectile. 

Further, E. Mach has attempted to compare the velo¬ 
city of the report of a gun with that of the projectile. In 
one series of his experiments, when the terminal velocity 
of the projectile was higher than the normal velocity of 
sound, the time of flight of the projectile, and the time in 
which the report of the gun travelled over the same 
distance, agreed very closely. But in another series, 
where the terminal velocity of the projectile was below 
that of sound, it was found that the time of flight of the 
projectile was greater than that of the report of the gun 
over the same distance. It w'as therefore considered that 
the report of the gun travels at the same velocity as the 
projectile so long as the velocity of the projectile is 
greater than that of sound. But when the velocity of the 
projectile is reduced by the resistance of the air below the 
velocity of sound, then the report of the gun travels in 
advance of the projectile, moving with the normal velocity 
of sound. As experiments are frequently made with 
velocities of the projectile more than double that of sound, 
there seems to be no difficulty in the way of deciding 
whether the report of a gun travels at the same velocity 
as the projectile for high velocities. If so, as appears 
probable, there arises the question as to the velocity with 
■which the report of the gun travels in various directions 
from the muzzle of the gun. If a stretched membrane 
could be made to interrupt a galvanic current for a 
moment on the passage of a sound-wave, it would not be 
difficult to determine the law of propagation of the report 
of a gun in all horizontal directions. For the projectile 
might be made to cut equidistant screens, and if lines of 
properly prepared membranes, at the same distance apart 
as the screens, were run in various directions, each line 
being provided with its own galvanic current and marker, 
the progress of the projectile and of the report of the gun 
in the chosen directions might be registered on the surface 
of a cylinder rotating with a known velocity. B. 


NOTES. 

On Friday last, Mr. Isaac Roberts, F.R.S., of Maghull, 
Liverpool, was presented with an address on the occasion of his 
removal from Liverpool to his new observatory near Tunbridge 
Wells. The presentation took place in the Council Chamber at 
the Town Hall before a large and representative assembly. The 
Mayor (Mr. Thomas Hughes), who presided, referred in eulogistic 
terms to the services rendered to astronomy by Mr. Roberts in 
his chosen field of celestial photography. Principal Rendall 
proposed the adoption of the address, in which reference was 
made to Mr. Roberts’s long and honourable business career in 
Liverpool, and to the important discoveries made by him in 
stellar photography. The address was signed by the Mayor, 
Principal Rendall and the Professorial staff of University College, 
many members of the City Council and of learned and scientific 
Societies in Liverpool, and other prominent citizens. Mr. John 
Hartnup, of the Bidston Observatory, seconded the motion, and 
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